ABSTRACT Reduction of packed cell volume has been recommended as a therapeutic procedure in patients with polycythaemia secondary to hypoxic lung disease. We have investigated the effects of this policy on blood flow and oxygen carriage to the calfin 12 such patients. Packed cell volume was decreased from 0.61 to 0.51 (mean) by isovolaemic haemodilution on a cell separator, with significant reductions in blood viscosity at high and low shear rates. Resting calf blood flow was unchanged but peak flow during reactive hyperaemia increased by 17% and 21% one and seven days after the procedure. Oxygen carriage to the calf at rest was initially unchanged but had fallen by 20% at seven days. During reactive hyperaemia oxygen carriage was not impaired by the reduction in packed cell volume since the rise in blood flow offset any reduction in arterial oxygen content. This study has shown that when blood flow is stressed during reactive hyperaemia oxygen carriage is not compromised by a therapeutic reduction in packed cell volume.
Although an appreciable proportion of patients with hypoxic lung disease develop secondary polycythaemia this response may not be advantageous. An increase in packed cell volume improves the oxygen carrying capacity of the blood but is also responsible for an exponential rise in blood viscosity.1 Oxygen carriage to the tissues will be beneficial only if the increased arterial oxygen content is not offset by a reduction in blood flow due to the greater viscosity of polycythaemic blood. Experimental work has shown that polycythaemia decreases tissue blood flow and impairs tissue oxygenation,2 3 indicating that an optimum packed cell volume may exist for oxygen carriage.
Patients with polycythaemia secondary to hypoxic lung disease derive useful increases in exercise tolerance after reduction of packed cell volume to approximately 0.50 by either venesection,5 Dextran 40 exchange transfusion,6 or more recently erythrapheresis (isovolaemic haemodilution on a cell separator)7-a response not attributable to a placebo effect. 8 The mechanisms underlying such improvement are unclear, but may include greater mental alertness due to increased cerebral blood flow9 and/or improvement in pulmonary haemodynamics.'0 II The effects of reduction in packed cell Address for reprint requests: Dr DW Empey, Department of Thoracic Medicine, London Hospital, London El lBB. Accepted 17 September 1985 volume on skeletal muscle blood flow and oxygen carriage are unknown but may also be relevant to the improvement of performance indices. We have measured calf blood flow at rest and during reactive hyperaemia in a group of patients with hypoxic lung disease before and after reversal of polycythaemia.
Methods
Twelve patients with hypoxic lung disease and secondary polycythaemia were studied (tables 1 and 2). All were free from oedema and were not suffering from pulmonary infection of from an acute exacerbation of their disease. Two patients were light smokers (five cigarettes daily); the remainder were non-smokers. Calf blood flow was measured by venous occlusion plethysmography, a Whitney mercury in rubber strain gauge being used."4 Flows were measured seven days and one day before and one day and seven days after reduction of packed cell volume. All measurements were made with the patient lying semisupine after lying for 60 minutes with the leg raised to 450 to the horizontal. Room temperature was held constant (± 0.5°C) during the course of the study. A light breakfast, without tea or coffee, was allowed at 0700-0800 hours and flows recorded between 1000 and 1200 hours. Methylxanthine preparations were discontinued 24 hours before study; diuretics and inhaled 2 agonists were withheld on the morning of the investigation until after the blood flow Oxygen carriage to the calf was obtained from the product of calf blood flow and arterial oxygen content.
Packed cell volume was lowered to about 0.50 by erythrapheresis using a Haemonetics V50 pheresis Resting calf blood flow was unchanged one and seven days after erythrapheresis (-0.01 (0.19) and -0.09 Three patients were assessed only twice, before and (0.24) ml 100 ml-' min-1). Peak calf blood flow durone day after erythrapheresis, for the following rea-ing reactive hyperaemia could not be measured in sons: diuretic dosage was inadvertently increased dur-patient 3 owing to discomfort from the thigh cuff. In ing the last week of the study in patient 1; patient 3 the remaining subjects peak calf flow increased by declined further investigation; and an infective 17% one day after erythrapheresis and 21% seven exacerbation supervened during the final week of the days after (+2.37 (0.56), p < 0.01; and +2.99 (1.00) study in patient 11. At other times during the study ml 100 ml-' min-', p < 0.02). There was, however, Of interest is our finding that, despite the considerable reduction in blood viscosity at both high and low shear rates, no increase in resting blood flow to the calf occurred and only a relatively small increase in peak calf blood flow was observed during reactive hyperaemia. Packed cell volume is certainly the most important determinant of blood viscosity22 but its effect in vivo is not as marked as in vitro23 24 owing to the reduced viscosity of blood in small vessels.25 This may account for the present observations since measurements of blood viscosity were made in vitro.
Our record of calf blood flow using the Whitney strain gauge plethysmograph of course provides no information about the nature of blood flow within the microcirculation of the calf. After reduction of packed cell volume the improved rheological properties of the blood might enhance skeletal muscle microperfusion by increasing capillary flow and by recruitment of previously non-perfused capillaries as well as by reducing both plasma skimming and arteriovenous shunting of red cells. This could increase 310 oxygen availability within calf muscle even though the amount of oxygen carried to the calf does not rise. Alternatively, by increasing blood flow to the calf while maintaining oxygen carriage, reduction of packed cell volume might facilitate the removal of lactic acid, thereby enabling exercise tolerance to increase.
Although we and others have recommended that blood viscosity should be decreased by reversing polycythaemia in patients with hypoxic lung disease, 7 8 26 it is important to ensure that any reduction in the oxygen carrying capacity of the blood does not impair tissue oxygenation. In this study the fall in oxygen carriage to the calf at rest, one week after erythrapheresis, did not prove deleterious. Furthermore, we have shown that when blood flow to the calf is stressed during reactive hyperaemia, as it is during exercise, oxygen carriage is not compromised by a reduction in packed cell volume to about 0.50. 
